Introduction
China and India regions is the world's biggest market for peanut and its derivatives (in particular 27 peanut oil) in terms of productions well as consumption (Sanders Iii et al., 2014) . Several survey 28 studies have shown that mold will grow quickly, and the possible presence of aflatoxins would 29 transfer into peanut oil, when peanuts are stored for weeks in humid conditions (Klu & Chen, 2015) . solvents, and are time-consuming. Therefore, the demand for developing a rapid and sensitive background (Zhou, Liu, & Li, 2012) . As a result, the signal-to-background ratio and sensitivity of the 70 detection can be greatly improved. Moreover, upconversion nanoparticles have also attracted 71 increasing interest due to their optical properties which can be achieved by adding a λexc. = 980 nm 72 optical source used in fluorescence measurement. From the mentioned advantages above, we can 73 conclude that the upconversion nanophosphors as color label has a high potential on the detection of 74 toxin. 75 In recent years, with the rapid development of nanostructured materials and nanotechnology in 76 the fields of biotechnology and contaminat detection, magnetic nanoparticles (MNPs) have been 77 receiving considerable attention. Due to their magnetic properties, low toxicity, and biocompatibility, 78 MNPs are useful for the separation of target antibiotics from a mixture of antibiotics and matrix 79 substances. Additionally, MNPs help to concentrate the separated antibiotics into a small volume, 80 which is suitable for impedance measurements(Z. Wang et al., 2013) . Artificial antigen-modified 81 MNPs were employed as immune sensing probes, and antibody functionalized UCNPs were used as 82 signal probes; the antibodies-functionalized UCNPs were linked to the surface of the MNPs by 83 antibody-antigen affinity. 84 Herein, we explored a novel and sensitive fluorescence probe for sensing toxin by crosslinking 85 rare earth doped upconversion nanoparticles and immunoproteins. Independent food samples were tested. As an efficient, specific, and technically simple biological 91 probe, these selective sensors can be used for rapidly detecting toxin in food. The size and morphology of nanoparticles were determined using a JEM-2100HR transmission 100 electron microscope (TEM, JEOL Ltd., Japan). X-ray diffraction (XRD) measurements were 101 performed using a D8-advance instrument (Bruker AXS Ltd., Germany). Upconversion fluorescence spectra were measured using an F-7200 fluorescence spectrophotometer (Hitachi Co., U.S.A.) 103 modified with an external 980nm laser (Beijing Hi-Tech Optoelectronic Co., China) instead of the 104 internal excitation source. Fourier transform infrared spectrophotometer (FT-IR) spectra of the 105 nanoparticles were obtained with a Nicolet Nexus 470 (Thermo Electron Co., U.S.A.) using a KBr 106 detector. of RECl3 (0.2 M, RE = Y (78%), Yb (20%), Er (2%)) in methanol were added to a 50 ml flask 123 containing 3 ml oleic acid and 7 ml 1-octadecene, and the solution was heated to 160 ℃ for 30 min 124 and then cooled down to room temperature. Thereafter, 5 ml methanol solution of NH4F (1.6 mmol) 125 and NaOH (1 mmol) was added and the solution was stirred for 30 min. After methanol evaporated, 126 the solution was heated to 300 ℃ under argon for 1.5 h and cooled down to room temperature. The 127 resulting nanoparticles were precipitated by the addition of ethanol, collected by centrifugation, 128 washed with methanol and ethanol several times, and finally dried in an oven at 60 ℃.
129
The obtained oleic acid-capped UCNPs can disperse well in nonpolar solvents. However, for ). Briefly, a solution of 6.5 g 1,6-hexanediamine, 2.0 g anhydrous sodium acetate and 1.0 g 143 FeCl3 6H2O as a ferric source in 30 mL glycol was stirred vigorously at 50 ℃ to give a transparent 144 solution. This solution was then transferred into a Teflon-lined autoclave and reacted at 198 ℃ for 6 145 h. The MNPs were then rinsed with water and ethanol (2 or 3 times) to effectively remove the solvent and unbound 1,6-hexanediamine, and then dried at 50 ℃ before characterization and 147 application. During each rinsing step, the nanoparticles were separated from the supernatant by using 148 magnetic force. properties of UCNPs before and after surface modification were validated by TEM and fluorescence 189 spectral measurements, as presented in Fig.2 (a, b, c) . The TEM images confirmed the hexagonal The UCNPs used in this work were Yb, Er ion-pair doped hexagonal phase NaYF4 206 nanoparticles. The hexagonal phase NaYF4 was reported to be one of the most efficient hosts for 207 performing infrared to visible photon conversion when activated by Yb, Er ion-pairs. During the 208 experiment, we found that the reaction time and temperature were the two main influential factors in 209 the phase transition of NaYF4 UCNPs. In order to obtain hexagonal phase NaYF4, the reaction was 210 maintained at 300 ℃ for 1.5 h.
211
The XRD pattern of NaYF4: Yb, Er phosphor gives several reflections shown in Fig.2 (d Fig. 4 (A, B, C) , the water-soluble 234 UCNPs presented with a single broad peak at 3427 cm −1 , corresponding to the stretching vibration of 235 hydroxide radicals (-OH). The characteristic peak at 1629 cm −1 is related to the asymmetric 236 stretching vibration of carboxyl groups (-COOH) of the citrate ligands on the surface of the UCNPs.
237
These two peaks indicated that the carboxyl groups from the ligand exchange were successfully 238 modified on the surface of UCNPs to produce water-soluble UCNPs. When the glutaraldehyde 239 crosslinking method -prepared antibodies were introduced, three characteristic peaks at 2360, 2335, 240 and 1396 cm −1 appeared. The peaks at 2360 and 2335 cm −1 corresponded to methylene stretching 241 vibrations (-CH2-). The peak at 1396 cm −1 corresponded to carboxyl stretching vibrations (COO-) due to the linking reaction between the water-soluble UCNPs and the antibodies. Furthermore, a new 243 peak was observed at 1540 cm −1 upon comparison of the spectra of the 244 UCNP-antibody-antigen-MNPs complex and the UCNP−antibody probe; this peak is attributed to 245 the distinct amide I and amide II vibration modes characteristic of antigen proteins. On the other 246 hand, in Fig. 4 (D, E) 
Specific Capturing Evaluation 257
In order to evaluate the specificity of the immunoassay procedure using this developed 258 fluorescent probe for AFB1, other two commonly occurring toxins, Aflatoxin G1 (AFG1) and Thereafter, serial dilutions of the supernatants were prepared to examine the fluorescence spectra of 273 the complexes. The 541 nm emission peak excited by a 980 nm laser was used to monitor the AFB1 274 concentration (Lu, Chen, Wang, Zheng, & Li, 2015).
275
As shown in Fig. 6 (A, B, C, D) , the fluorescence intensity rapidly decreased as the AFB1 276 concentration increased from 0.2 to 100 ng·mL −1 . A strong linear correlation (R 2 = 0.938) was 277 obtained between various concentrations of AFB1 (X) and the upconversion luminescent intensity 278 (Fig. 6D) . In thinner, secondary, and high three separate concentration phases, linear ratios are all 279 higher than 0.90. It can be seen (Fig. 6) that fluorescence intensity has a minimum linear relationship 280 with lowest concentrations (R 2 =0.904), which is due to the UCNPs nano-particles detection 281 precision; fluorescence intensity has a best linear relationship with high concentrations of AFB1 (R 2 282 =0.9822) because of the dense solution and immunization specific recognition precision. The 283 detection limit of this proposed method for AFB1 was found to be 0.2 ng·mL -1 . The precision 284 expressed as the relative standard deviation (RSD) of this detection is 3.56% (obtained from a series 285 of 10 standard samples each containing 0.4 ng·mL -1 ). Fig. 6 also depicts a typical recording output 286 for the detection of AFB1 with different concentrations. Overall, these results demonstrate that the 287 developed method applied here have a good potential to be used as a rapid screening for the 288 detection of mycotoxin ingrain crops. decreased. It can be understood as that the more MNPs-antigen-antibody-UCNPs was formed, the 300 fewer antibody-UCNPs were remained, and the fluorescence intensity is weaker.
301
To check feasibility of this method, the accuracy of the measurements of AFB1 in peanut oil was 302 also evaluated by determining the recovery of AFB1.by adding a known quantity of standard solution 303 to the test solution. As shown in Table 1 , the recoveries of AFB1 were between 90.1% and 113.4%, 304 indicating a high level of accuracy of the developed immunoassay. These analyses demonstrated that 305 the proposed method could be applied to the analysis of AFB1 in real agricultural commodities. In this study, rare earth doped upconversion nanoparticles have been successfully assembled for 311 sensing Aflatoxins B1 in actual food samples (peanut oil). Herein, antigen-modified magnetic 312 nanoparticles were used for immunosensing probes, and antibody functionalized NaYF4 
